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Introduction {#ehf212738-sec-0004}
============

Fluid retention and congestion are major causes of acute heart failure (AHF). Loop diuretics have been used as the first line of medication for AHF; however, their use leads to high prevalence of worsening renal function (WRF).[1](#ehf212738-bib-0001){ref-type="ref"}, [2](#ehf212738-bib-0002){ref-type="ref"} WRF is associated with a poor long‐term prognosis. According to a meta‐analysis, the occurrence of WRF during AHF hospitalization was reported to contribute to a 1.75‐fold increase in all‐cause mortality.[3](#ehf212738-bib-0003){ref-type="ref"} The underlying mechanisms of WRF in AHF include a reduction in renal blood flow and an elevation in the central venous pressure.[4](#ehf212738-bib-0004){ref-type="ref"} However, it is difficult to lower the central venous pressure without reducing the renal blood flow. Tolvaptan, an oral vasopressin type 2 receptor antagonist, has emerged as a new therapeutic option for AHF, and its favourable effects on renal function have been reported in patients with advanced AHF.[5](#ehf212738-bib-0005){ref-type="ref"}, [6](#ehf212738-bib-0006){ref-type="ref"}, [7](#ehf212738-bib-0007){ref-type="ref"}, [8](#ehf212738-bib-0008){ref-type="ref"}, [9](#ehf212738-bib-0009){ref-type="ref"}, [10](#ehf212738-bib-0010){ref-type="ref"} However, little is known regarding the effects of tolvaptan on renal function in the early stage of AHF. Accordingly, we investigated the role of tolvaptan in preventing WRF in patients with new‐onset AHF.

Methods {#ehf212738-sec-0005}
=======

Study population {#ehf212738-sec-0006}
----------------

A total of 122 consecutive patients hospitalized due to new‐onset AHF between May 2015 and December 2018 were retrospectively studied. Patients with the following characteristics were included in the study: patients with New York Heart Association functional class III or IV on admission, patients aged ≤85 years, and patients receiving less than a 40 mg dose of furosemide before hospitalization. According to the Framingham criteria, AHF was diagnosed with at least two major criteria or one major criterion in conjunction with two minor criteria was met.[11](#ehf212738-bib-0011){ref-type="ref"} Patients with acute coronary syndrome or those already receiving tolvaptan before hospitalization were excluded in this study. All patients were initially treated with intravenous furosemide on admission. Subsequently, tolvaptan add‐on treatment was initiated in patients who did not meet the following criteria within 3 days after hospitalization: improvement of dyspnoea, decrease in pleural effusion by X‐ray, or decrease in body weight (*Figure* [*1*](#ehf212738-fig-0001){ref-type="fig"}). The dose of tolvaptan and timing of initiation of drug therapy after hospitalization were dependent on the physician\'s decision. Standard medical therapy for AHF including spironolactone, beta‐blockers, angiotensin‐converting enzyme inhibitors, or angiotensin II receptor blockers was prescribed according to the patient\'s condition during hospitalization.[12](#ehf212738-bib-0012){ref-type="ref"} Additionally, multidisciplinary care management including cardiac rehabilitation, patient education, medical treatment optimization, and psychosocial support was provided during hospitalization. WRF was defined as an absolute increase in serum creatinine ≥0.3 mg/dL (≥26.4 μmol/L) within 48 h or a 1.5‐fold increase in serum creatinine after hospitalization.[13](#ehf212738-bib-0013){ref-type="ref"} Patients were divided into the following two groups: the tolvaptan add‐on group (the tolvaptan group) and the non‐tolvaptan group (the furosemide group). The primary endpoint was defined as the presence of WRF during hospitalization.

![Study flow chart. AHF, acute heart failure; NYHA, New York Heart Association functional.](EHF2-7-1764-g001){#ehf212738-fig-0001}

Data collection {#ehf212738-sec-0007}
---------------

Data on baseline patient characteristics, previous medical history, and pre‐hospitalization medications and discharge medications were obtained from the patients\' medical records. Transthoracic echocardiography was performed by expert sonographers on admission, and left ventricular ejection fraction was calculated by using the modified Simpson method.[14](#ehf212738-bib-0014){ref-type="ref"}, [15](#ehf212738-bib-0015){ref-type="ref"} Image quality of transthoracic echocardiography was comparable in both groups.[16](#ehf212738-bib-0016){ref-type="ref"} The loop diuretic doses were converted to furosemide equivalents according to the previous reports.[17](#ehf212738-bib-0017){ref-type="ref"}, [18](#ehf212738-bib-0018){ref-type="ref"} Systolic and diastolic blood pressures were recorded at admission, 24 h after admission and on Day 7. Body weight on admission and at discharge was measured to assess the effectiveness of the treatment on fluid reduction. The investigation conformed with the principles outlined in the Declaration of Helsinki.[19](#ehf212738-bib-0019){ref-type="ref"} All patients provided written informed consent for inclusion in the study. The study protocol was approved by the Ethics Committee of Kansai Medical University Medical Center and was registered at the University Hospital Medical Information Network clinical trial registry (ID: UMIN000036417).

Statistical analyses {#ehf212738-sec-0008}
--------------------

Continuous variables are presented as the means ± standard deviations, and categorical variables are presented as numbers and percentages. Differences between the two groups were analysed using the Student\'s *t*‐test for continuous variables and the χ^2^ test for categorical variables. A *P* value \<0.05 was considered significant. Body weight between the two groups was compared using the analysis of covariance adjusted for body weight on admission. Multivariate logistic regression analysis was performed to detect important variables related to WRF. Subgroup analysis was performed for subgroups pre‐specified before the initiation of the study. JMP 14.2.0 software (SAS Institute Inc., Cary, NC, USA) was used for all statistical analyses.

Results {#ehf212738-sec-0009}
=======

Patient characteristics on admission {#ehf212738-sec-0010}
------------------------------------

The flow chart of studied patients is shown in *Figure* [*1*](#ehf212738-fig-0001){ref-type="fig"}. Forty‐seven patients were included in the tolvaptan group, and 75 patients were included in the furosemide group. None of the patients in this study died in the hospital. There was no significant difference in the mean hospital stay between the tolvaptan group (24 ± 12 days) and the furosemide group (20 ± 12 days, *P* = 0.09). Thirty‐five patients in the tolvaptan group initiated tolvaptan treatment within 3 days of hospitalization, whereas 12 patients who had initially good response to furosemide initiated tolvaptan \>3 days after hospitalization because of subsequent inadequate fluid reduction. The maximum daily dose of tolvaptan was 7.0 ± 3.4 mg. Patient characteristics on admission are shown in *Table* [1](#ehf212738-tbl-0001){ref-type="table"}. Blood urea nitrogen, creatinine, and B‐type natriuretic peptide levels were significantly higher in the tolvaptan group than in the furosemide group. There were no significant differences in the dose of furosemide before hospitalization and transthoracic echocardiographic parameters between the two groups. Although there were no significant differences in the systolic and diastolic blood pressures on admission between the two groups, systolic blood pressure at 24 h after admission and on Day 7 and diastolic blood pressure on Day 7 were significantly lower in the furosemide group than in the tolvaptan group (24 h after admission: 115 ± 18 mmHg vs. 123 ± 23 mmHg, respectively, *P* = 0.039; Day 7: 113 ± 15 mmHg vs. 119 ± 17 mmHg, respectively, *P* = 0.049; and diastolic blood pressure on Day 7: 67 ± 14 mmHg vs. 72 ± 11 mmHg, respectively, *P* = 0.046) (*Figure* [*2*](#ehf212738-fig-0002){ref-type="fig"}). Discharge medications are shown in Supporting Information, *Table* [*S1*](#ehf212738-supitem-0002){ref-type="supplementary-material"}. There were no significant differences in the medications except tolvaptan. In contrast, the dose of furosemide was significantly higher in the furosemide group than in the tolvaptan group.

###### 

Patient characteristics on admission

                                   Tolvaptan group (*n* = 47)   Furosemide group (*n* = 75)   *P* value
  -------------------------------- ---------------------------- ----------------------------- -----------
  Age, years                       70 ± 12                      69 ± 12                       0.80
  Male                             33 (70)                      47 (63)                       0.39
  BMI, kg/m^2^                     25.6 ± 4.8                   23.5 ± 6.1                    0.05
  Hypertension                     29 (62)                      47 (63)                       0.92
  Dyslipidaemia                    20 (43)                      35 (47)                       0.66
  Diabetes                         19 (40)                      26 (35)                       0.52
  Prior smoking                    25 (53)                      39 (52)                       0.90
  Prior myocardial infarction      7 (15)                       6 (8)                         0.23
  Atrial fibrillation              22 (47)                      25 (33)                       0.14
  Laboratory data                                                                             
  Haemoglobin, g/dL                12.4 ± 2.8                   12.4 ± 2.7                    0.97
  BUN, mg/dL                       24 ± 11                      20 ± 8                        0.02
  Creatinine, mg/dL                1.3 ± 0.7                    1.1 ± 0.5                     0.02
  Sodium, mEq/L                    139 ± 7                      139 ± 5                       0.69
  Potassium, mEq/L                 4.2 ± 0.6                    4.2 ± 0.6                     0.82
  AST, U/L                         30 ± 15                      43 ± 55                       0.12
  ALT, U/L                         26 ± 19                      28 ± 27                       0.55
  BNP, pg/mL                       1213 ± 767                   900 ± 726                     0.02
  Pre‐hospitalization medication                                                              
  Loop diuretics                   17 (36)                      15 (20)                       0.05
  Furosemide dose, mg/day          21 ± 4 (n = 17)              19 ± 4 (n = 15)               0.18
  ACEi or ARB                      14 (30)                      20 (27)                       0.71
  Beta‐blocker                     18 (38)                      18 (24)                       0.09
  Spironolactone                   2 (4)                        3 (4)                         0.94
  Echocardiography                                                                            
  Left atrial diameter, mm         47.4 ± 6.8                   44.9 ± 8.1                    0.08
  LV end‐diastolic diameter, mm    52.5 ± 7.9                   51.2 ± 10.5                   0.45
  LV end‐systolic diameter, mm     41.5 ± 10.7                  40.5 ± 12.7                   0.64
  EF, %                            41.5 ± 18.8                  41.5 ± 17.6                   0.98
  EF \< 50%                        30 (64)                      51 (68)                       0.64
  Cardiac output, L/min            4.5 ± 1.5                    4.6 ± 1.5                     0.99

ACEi, angiotensin‐converting enzyme inhibitor; ALT, alanine aminotransferase; ARB, angiotensin II receptor blocker; AST, aspartate aminotransferase; BMI, body mass index; BNP, B‐type natriuretic peptide; BUN, blood urea nitrogen; DBP, diastolic blood pressure; EF, ejection fraction; SBP, systolic blood pressure.

Data presented as mean ± standard deviations, or number (%).

![Change in systolic and diastolic blood pressures during hospitalization. ^\*^ *P* \< 0.05, compared with the furosemide group. BP, blood pressure.](EHF2-7-1764-g002){#ehf212738-fig-0002}

Incidence of worsening renal function {#ehf212738-sec-0011}
-------------------------------------

The incidence of WRF during hospitalization was significantly lower in the tolvaptan group than in the furosemide group (*Figure* [*3*](#ehf212738-fig-0003){ref-type="fig"}). The maximum daily dose of furosemide during hospitalization was 34 ± 15 mg/day in the tolvaptan group and 37 ± 13 mg/day in the furosemide group (*P* = 0.21). Body weights on admission and at discharge were 67.0 ± 16.4 and 58.4 ± 13.8 kg, respectively, in the tolvaptan group and 61.5 ± 13.8 and 55.7 ± 11.7 kg, respectively, in the furosemide group (Supporting Information, *Figure* [*S1*](#ehf212738-supitem-0001){ref-type="supplementary-material"}). There was no significant difference in the amount of change in body weight between the two groups (−8.6 ± 8.1 and − 5.8 ± 5.3 kg for the tolvaptan and the furosemide groups, respectively). Multivariate logistic regression analysis was performed in the following seven variables: age, sex, maximum dose of furosemide during admission, creatinine at admission, B‐type natriuretic peptide, ejection fraction, and use of tolvaptan. Tolvaptan was considered as the independent variable related to the prevention of WRF (odds ratio, 0.19; 95% confidence interval, 0.05--0.69; *P* = 0.01; *Table* [2](#ehf212738-tbl-0002){ref-type="table"}). A pre‐specified subgroup analysis indicated that a more favourable effect of tolvaptan was observed in patients with creatinine ≥1.1 mg/dL on admission and an ejection fraction \<50% (*Figure* [*4*](#ehf212738-fig-0004){ref-type="fig"}).

![Incidence of worsening renal function.](EHF2-7-1764-g003){#ehf212738-fig-0003}

###### 

Factors related to WRF by the multivariate analysis

                                             OR     95% CI        *P* value
  ------------------------------------------ ------ ------------- -----------
  Age, years                                 1.00   0.96--1.05    0.90
  Male                                       4.64   1.12--19.18   0.03
  Maximum daily dose of furosemide, mg/day   1.00   0.96--1.04    0.90
  Creatinine at admission, mg/dL             1.74   0.75--4.00    0.21
  BNP at admission, pg/mL                    1.00   0.99--1.01    0.93
  EF \< 50%                                  0.51   0.16--1.60    0.25
  Tolvaptan                                  0.19   0.05--0.69    0.01

BNP, B‐type natriuretic peptide; CI, confidence interval; EF, ejection fraction; OR, odds ratio; WRF, worsening renal function.

![Forrest plot of odds ratios by pre‐specified patient subgroups for the incidence of worsening renal function. CI, confidence interval; Cr, creatinine; EF, ejection fraction; OR, odds ratio; SBP, systolic blood pressure.](EHF2-7-1764-g004){#ehf212738-fig-0004}

Discussion {#ehf212738-sec-0012}
==========

We investigated a possible renoprotective effect of tolvaptan in patients with new‐onset AHF. Study patients were initially treated with intravenous furosemide on admission. Subsequently, tolvaptan add‐on treatment was initiated in patients who did not meet the following criteria within 3 days after hospitalization: improvement of dyspnoea, decrease in pleural effusion by X‐ray, or decrease in body weight. The dose of tolvaptan and timing of initiation of drug therapy after hospitalization were dependent on the physician\'s decision. We found that tolvaptan add‐on therapy had lower incidence of WRF compared with those with furosemide alone group. Additionally, multivariate analysis revealed that tolvaptan add‐on therapy was an independent factor of preventing WRF. Our data suggest that tolvaptan add‐on therapy may be considered in individual treatment to protect renal function in selected cases in patients with new‐onset AHF.

In a meta‐analysis investigating the association between WRF and prognosis in heart failure, WRF was observed in 26% of AHF patients during hospitalization.[1](#ehf212738-bib-0001){ref-type="ref"} In patients with AHF, WRF during hospitalization is associated with an increased risk of adverse cardiovascular outcomes.[3](#ehf212738-bib-0003){ref-type="ref"}, [20](#ehf212738-bib-0020){ref-type="ref"}, [21](#ehf212738-bib-0021){ref-type="ref"} Furosemide, which is a loop diuretic, has been used for AHF, but it leads to high prevalence of WRF. Additionally, insufficient volume reduction due to WRF during hospitalization for AHF was associated with increased 1‐year mortality or urgent heart transplantation.[22](#ehf212738-bib-0022){ref-type="ref"} Therefore, a renoprotective strategy in AHF is important to avoid renal impairment and improve subsequent long‐term prognosis. Furosemide contributes to a volume reduction with poor fluid refilling from the extravascular space, which leads to a decrease in mean arterial blood pressure and cardiac output and a subsequent decrease in renal blood flow. A decrease in renal blood flow causes the activation of the renin--angiotensin--aldosterone system and the progression of WRF.[23](#ehf212738-bib-0023){ref-type="ref"}, [24](#ehf212738-bib-0024){ref-type="ref"} In contrast, tolvaptan causes free‐water diuresis, which increases the serum osmolality and maintains intravascular fluid due to the shifting of fluid from the extravascular space, preserving the mean arterial blood pressure and renal blood flow without activating the renin--angiotensin--aldosterone system.[10](#ehf212738-bib-0010){ref-type="ref"}, [25](#ehf212738-bib-0025){ref-type="ref"} Although effective renoprotective strategies in the early stage of AHF have not been fully determined, several prospective studies have shown that the aquaresis effect of tolvaptan, which is a vasopressin type 2 receptor antagonist with electrolyte‐free water diuretic properties, inhibits intravascular hypovolaemia and subsequent incidence of WRF.[5](#ehf212738-bib-0005){ref-type="ref"}, [7](#ehf212738-bib-0007){ref-type="ref"}, [8](#ehf212738-bib-0008){ref-type="ref"}, [26](#ehf212738-bib-0026){ref-type="ref"} In patients with AHF, Shirakabe *et al*. reported that tolvaptan significantly reduced the incidence of WRF and had a better mid‐term cardiovascular outcome than furosemide.[5](#ehf212738-bib-0005){ref-type="ref"} However, these studies highlighted the effect of tolvaptan in patients with an advanced stage of AHF who were already receiving a high dose of furosemide (over 40 mg/day furosemide) before admission. In our study, the patients with new‐onset AHF receiving less than 40 mg/day of furosemide on admission were evaluated, and tolvaptan add‐on therapy was found to be associated with a significantly lower incidence of WRF than conventional furosemide therapy.

Only two small clinical studies elucidated the effect of tolvaptan in preventing WRF in AHF based on left ventricular systolic function.[8](#ehf212738-bib-0008){ref-type="ref"}, [26](#ehf212738-bib-0026){ref-type="ref"} Although a favourable effect of tolvaptan in preventing WRF in patients with preserved ejection fraction has been reported, the effect of tolvaptan in preventing WRF in patients with reduced left ventricular systolic function has not been established. In our patients with new‐onset AHF, tolvaptan add‐on therapy demonstrated a more favourable effect in preventing WRF in patients with left ventricular systolic dysfunction and renal impairment compared with furosemide therapy on admission. The predominant cause of AHF with preserved left ventricular systolic function is related to a central shift of volume distribution rather than volume overload, whereas volume overload is the main cause of AHF in patients with reduced left ventricular systolic function.[27](#ehf212738-bib-0027){ref-type="ref"}

Dupont *et al*. reported that mean arterial blood pressure, cardiac output, and central venous pressure are key factors in the prevention of WRF in AHF patients.[28](#ehf212738-bib-0028){ref-type="ref"} Considering the fact that the diuretic effect of tolvaptan is associated with the preservation of intravascular fluid, our data indicate that the favourable effect of tolvaptan in preventing WRF was due to the proper maintenance of arterial blood pressure, specifically in patients with left ventricular systolic dysfunction and renal impairment on admission.

Limitations {#ehf212738-sec-0013}
-----------

This study has the following limitations. First, this study had a small size. Hence, a double‐blinded study with a larger sample size is required to evaluate the long‐term effect of tolvaptan on patient prognosis. Second, we did not evaluate the highly sensitive markers of kidney injury such as heart‐type fatty acid‐binding protein, neutrophil gelatinase‐associated lipocalin, and kidney injury molecule‐1. Although the marker used to evaluate kidney injury is serum creatinine in clinical practice, this is the first study to report a renoprotective effect of tolvaptan in patients with new‐onset AHF.

Conclusions {#ehf212738-sec-0014}
===========

A lower incidence of WRF was observed in patients with new‐onset AHF who were treated with the tolvaptan add‐on therapy, specifically those with left ventricular systolic dysfunction and renal impairment on admission.
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